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Why biosensing?

« Used in medical diagnostics, environmental monitoring, food safety, and biosecurity.

* Reduces the need for expensive laboratory tests, making healthcare more accessible.

« Can detect low concentrations of analytes with high precision, ensuring accurate diagnostics.

* Provides real-time data, allowing for timely interventions and adjustments in treatment plans.

« Possibility of continuously tracking health indicators without invasive procedures.
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Common Commercial Sensors

hCG Urine'Sample

No hCG in Urine

ad

Pregnancy tests

Drug panel
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Breathalyzer



What is a biosensor?
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Sable, Harsh & Kumar, Vaishali & Singh, Vandana & Rustagi, Sarvesh & Chaudhary, Vishal & Pandit, Soumya. (2024). Review—Nanosystems-Enhanced
Electrochemical Biosensors for Precision in One Health Management. Journal of The Electrochemical Society. 171. 10.1149/1945-7111/ad32al.
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Active multidisciplinary projects o,
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Biology/Environmental Sensor Related Work
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Pump
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Design and prototyping:
measurement electronics
systems

forward together
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Microfluidic bioreactor
development




Physics Related Work e
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* Low-cost flow cytometer

* Quantum optical measurement
development,
« Coupling problem - ultrafine
diffraction gratings,
* Biosensors with single-molecule
sensitivity.

* Optical ring resonator development,

LED control PCB

* Optical circuitry development,
« Logic gates, true random-
number generation,

Raspberry P14B
Diffraction grating
Raspberry Pi camera
Arduino Uno

9V battery

* Novel spectrometer biosensor
system,

. Diffraction gratin
 Fluorescence-based biosensors Low-cost spectrometer Jrating



Sensor Surface Modifications Stellenbosch
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Relevant Plasma Treatments

Henniker Plasma HPT-200 g

(with dual gas inlets and a special chamber

[L h ' Plasma Cleaning Plasma Cleaning I . Plasma Treatment
tO a O\X/ etC I n g ) of Optics & Lenses prior to Spin Plasma Surface of Medical Devices
g Treatment for
Coating
Dental
Applications

RAKI
Plasma Treatment Plasma Treatment Plasmas in Life
of PDMS for prior to Wire Science
Microfluidics Bonding Applications

Plasma/UVO 10 0000
Cleaner (=]

https.//plasmatreatment.co.uk/products-services/our-models/hpt-100-hpt-200



https://plasmatreatment.co.uk/products-services/our-models/hpt-100-hpt-200
https://plasmatreatment.co.uk/products-services/our-models/hpt-100-hpt-200
https://plasmatreatment.co.uk/products-services/our-models/hpt-100-hpt-200
https://plasmatreatment.co.uk/products-services/our-models/hpt-100-hpt-200
https://plasmatreatment.co.uk/products-services/our-models/hpt-100-hpt-200
https://plasmatreatment.co.uk/products-services/our-models/hpt-100-hpt-200
https://plasmatreatment.co.uk/products-services/our-models/hpt-100-hpt-200
https://plasmatreatment.co.uk/products-services/our-models/hpt-100-hpt-200
https://plasmatreatment.co.uk/products-services/our-models/hpt-100-hpt-200
https://plasmatreatment.co.uk/products-services/our-models/hpt-100-hpt-200
https://plasmatreatment.co.uk/products-services/our-models/hpt-100-hpt-200

Stellenbosch

Equipment & Facilities SN,

UNIVERSITEIT

x Delete unchecked
measurement(s)

Session data - frequency scans

PalmSens4 Electrochemical Interface | e

=-[4] ER BIU4_3MPA_48HRS"
Fixed at 61 fregs [1]

=4 B BIU4_Ab100ngmI_PBS*

104 Fixed at 61 fregs [1] 1]

5[4 B BIu4_PBS”

2
3 Showall

Fixed at 68 freqs
AlU3_Dry.pssession
54
Technique: ’ Impedance Spectroscopy v' n g >
N v
Measurement _
§ 10%
0-
Notes:
1018_
Click here to add notes...
-5 106 4 %
Select current range(s): S 8
1014 g
1w K wo f 1 100
A I o uA 1012
10-— T T T T T
40 45 50 55 60 65
b Pretreatment Settings 631 E+1 ¢ 10’ g T v e ! 4! =10
. A9E+1 ¢ . 10" 1 100 12 18 10t 15 10
4 Impedance Spectroscopy Settings e z/Q Frequency/Hz
t equilibration ‘0 i s
Scan type Fixed ¥,
[Ede 0.0 v .
| N Complex Capacitance (C') / (C")
Eac 0.01 v S
Frequency type Scan v 04 25 H
[nr i ; ]
n frequencies le8 | | Edit 0104 <
Max. frequency | 1000000.0 Hz ] 2
= 0.084 -
Min. frequency 0.1 | Hz w i E 24
— 3 =
[ p Measure vs OCP -~ 0064 et E
(9] 1 e Ce, O
0044 @ L)
. s
b Post measurement 0,023 v- o
0.003
T
0.05 0.10 0.15
b TR 3 24 ; . i ;
63 da CIuF -xﬂ -1.0 0.5 0.0 05 1.0
https:/ /www.palmsens.com/product/palmsens4/ I ) rorenta

10


https://www.palmsens.com/product/palmsens4/

Stellenbosch

UNIVERSITEIT

Equipment & Facilities SN,

Durham Magneto Optics ML3 Mesa (with dual wavelength light source)

1um resolution with <0.1 um layer alignment
accuracy,

Ultra-high write speed,

Automated process inspection functionality.

https.//www.durhammagnetooptics.com/?product=microwriter-ml3-mesa
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MEIDE Interface

Microfluidics development and more;

Asiga MAX X27 Resin 3D printer
Laser cutter

MEIDE Sample
Inlets

—

(a) (b)

. - = == - = 1 Sample Inlet Poni‘—@‘ | @7‘_—' 7. Waste Outlet Port
g o sy viz, Lysis Chamber /
li g 0—[6. Waste Chamber |
- =0 — . J
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- — L Port J
. [ 5. Sensing Chamber with
[ 4. Amplification | 0 e | Integrated Au IDE Biosensor J
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https.//www.asiga.com/max-x/
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COMSOL Multiphysics MULTIPRYSICS:

Multiphysics Software for Simulating Real-World
Designs, Devices, and Processes

COMSOL Multiphysics®

It all starts with COMSOL Multiphysics®, the platform product for creating physics-

based models and simulation applications. COMSOL Multiphysics® includes the Model

o

u0(1)=0.01 m/s Streamline: Velocity field

° COMSOL |S the Standard for our freq(111)=1E-6 GHz species c2: Surface: Concentration (mol/m?)

Streamline: Total flux

Multiphysics models "
» Heat-transfer, wave-optics, 20
electrochemistry, design, 300
microfluidics and AC/DC o
modules for simulation of L _

biosensors of any kind 5 55 10 <107 o
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AﬂgStrOm NeXdep Pl.atform Our specifications:
(customized to perform e-beam evaporation)
- Sequential multi-material
deposition,

- Ultra-uniform coating with
redundant measurement,

- High-speed cycle times - max 30m
pump down,

- Cryo-cooling system with
temperature control between O °C

* and 300 °C,
- | = - Custom substrate holder to deposit
A up to 4x 5" wafers or 2x6" wafers
https.//angstromengineering.com simultaneously.

/products/nexdep/ 14
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|ISO Certified Laboratories and Cleanroom

V /AN NEW LAB
V| o ‘NN (Forecasted opening July 2026)
Hoods & J < -~

ISO Class 5 Bio-Processing Area

ISO Class 9

General Lab
|ISO Class 9

Material Deposition and Airlock
ISO Class 8

Lithography
ISO Class 8 & 7

15



Thank you
Enkosi
Dankie
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